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High concentration of nitrate (NO3-) in water resources has become a widespread and important environmental 
contaminant, being anthropogenic nitrogen input the principal source of NO3− pollution (Arauzo, 2017). Under 
anaerobic conditions, microbial reduction of NO3− to N2(g) to oxidize dissolved organic carbon (DOC) is the 
principal NO3− attenuation process in groundwater aquifers (Matchett et al., 2019). Enhanced biodenitrification 
approach, has been adopted to create optimized conditions by providing an external electron donor source in 
aquifers to overcome the natural limitation of DOC. Denitrification phenomena usually result in kinetic isotope 
fractionation (ε) on the N and O isotopes (Chen and MacQuarrie, 2005) providing an effective tool to quantify the 
evolution of denitrification processes. In this context, Margalef-Martí et al., (2019) studied the ability of whey to 
enhance biodenitrification in NO3− polluted aquifers through a laboratory flow-through experiment (Figure 1A). In 
this abstract, we present the numerical modeling of part of the experimental data of Margalef-Martí et al. (2019). 
The understanding of the different processes occurring in the system and the ability of reproducing them 




The GibbsStudio software (Nardi and de Vries, 2017) based on PHREEQC code (Parkhurst and Appelo, 2013) 
and the iso.dat thermodynamic database from PHREEQC were used for reactive transport calculations. The main 
processes considered in the model are nitrate respiration (NO3
- +2H++ 2e-→NO2
- +H2O, Reaction 1), nitrite 
respiration (NO2
- +4H++ 3e-→ 1 2⁄ N2
+2H2O, Reaction 2), DOC (as CH2O) oxidation 
(CH2O+2H2O→HCO3
- +5H++ 4e-, Reaction 3), 15N-NO3
-  disappearance ([15N-NO3
- ]→[15N-NO2
- ], Reaction 4) 
and 15N-NO2
-  disappearance ([15N-NO2
- ]→[15N-N2], Reaction 5) which are considered to be kinetically controlled. 
 
RESULTS AND DISCUSSION 
 
Conservative Br- tracer test performed before the biostimulation experiment was used to calibrate the system 
hydraulic properties and performance in the modeling (Figure 1B). In the system anaerobic conditions, the oxidation 
of the DOC by an electron acceptor source provides the microbial community with energy for growth and cell 
synthesis. Reactions 1 and 2 were modelled according to a dual Monod kinetic expression (eq.1) depending on the 
concentrations (in mol/dm3) of the electron acceptor (NO3- or NO2-), of the electron donor CH2O and of the 
biomass community responsible for each reaction ([X]), whose growth and decay was also considered (eq.2). The 
δ15N of NO3- and NO2- was modelled according to eq. 3, linked to NO3- or NO2- evolution. 
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Figure 1. (A) Scheme of the experimental setup. 1) inflow reservoir, 2) peristaltic pump, 3) isothermal chamber 4) Eh probe, 5) pH probe, 6) 
multiparametric analyzer, 7) outflow water, 8) sampling points along column 9) injection points. (B) Conservative Br tracer test results. C) NO3− and 
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As shown in Figure 1C, experimental values have been reproduced by considering a qmax value of 1·10-7 mol/g 
cell/s, kEA of 5·10-4 mol/L and kCH2O of 2.2·10-5 mol/L for NO3- reduction and qmax value of 1·10-7 mol/g cell/s, 
kEA of 6·10-4 mol/L, kCH2O of 3·10-5 mol/L for NO2- reduction. b value of 1·10-7/s and Yh, of 60 g cell/mol were 
considered for both NO3- and NO2- reduction. ε values of -9 ‰ and -4 ‰ were considered for nitrate and nitrite 
reduction respectively. NO3- continuously decreased achieving complete reduction, NO2- increased to a peak and 




In the experimental conditions used, the concentration and isotope evolution of the column flow-through 
experiment of Margalef-Martí et al. (2019) have been reproduced by the conceptual and numerical model presented 
in this study. Although a preliminary set of constants have been fitted, they must be tested with additional 
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